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Introduction 

Microbial pathogenicity has been defined as the structural and hWh* • , „ 
Woorgamsms cause disease. Pamogeiucity SJSHS^^JW whereby 
components of the cells (e.g. capsules SriS SffiffiJSffS** "** s ^al 
secretion of substances flu : either da^hos ?, Wi P co ^P on ^) or active 
Hence there are two broad against host defers, 

cause disease; invasiveness aq d toxigenesis V the ™ m h V which the y 

Tojfigencsis is the ability to produce toxins Toxic «iict.n«. . ^ , , 
Wd cell-associated, may be nSnsporte l^S^dl^T^ * y bftcte ™ both so » 
sites remote from the original point of in^sion or g3 Cm °* C efta * 

toiveness encompasses (1) 
substances ("invars"), mat promote £S taKS? 1 (2) producri ° n of ^cellular 

with the f irst two aspects of of mvasiveneS process ' *** ** 

COLONIZATION 

The first stage of microbial infection is colonfcatinn- th* t. 
appropriate portal of entry. Pathoge^any J&t2ri£f h T t ° f ^ P4thofiei1 * the 
external environment. Sites of en£y Tn hS foXSK J?" "? * n co ^ the 

^r P r t017 toCt ^ * e ^njuSva XanlsS mat ^ the <^ ve *H 
jssue adherence mechanisms and some aS to^^ f have "^^ly developed 

host defenses at the surface. aWay 10 overcome or ^tand the constant pressure of the 

Bacteria) Adherence to Mucosal Gi,^ t • 

{Q a eucaryotic ce U or tissue surfac fon ?' b8c ] erfa| *«* ce * ****** 
hgand. The receptors so far defined JSb 2 W u" ? f ^ facte » «*eptor and a 
eucaryotic cell surface, The baSS OT W** ^es on the 

componem of the bacterial cell toSt^fr * typ ^ Uy a ^^olecuK 

2*» interact in a com^^ry km receptor ' Adhe ^ and 

enzyme-substrate relationships an I flS^SSoS^^TJ 1 * specjficit y comparable to 
» medtcal microbiology t0 r f fer to of tertnsVt^used 

^^^^ 

"ll 
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A coinplenienrary macromoleeuiar bindine ait* ftn . , 





Zfearoe as fimbriae 
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Fimbriae in Enterobacteriaceae which bind t „ m . ' 

tgpumaj glycoproteins g n " * mam, ° Se 



fonST *' '° Phy a n " e m a * arenM "1" Wofilm 



^^^^^^^ 
anH I T enaDiing tnera io adhere to host cell membrane 

and environme ntal surfaces in order to colonize. rae mDranes 
gW^^dberence to a surfac , 



Lipopolysaccbaride (LPS) 



Teicboic acids and 
jjEQ|^tofcaridg|j^ 



attachment y ^* SE,601fic M nonspecific 



waJ1 components of Gram-positive bacS^r^Tr^ 3 ^ 
m nonspecific or specific adherent may be mvolve <* 



Specific Adherence of Bacteria to Cell m A Tissue Surfaces 

SS ™ **« -idence for sp^ty pf adherence of 

1 • Tfcsp tmpism. Particular bacteria are Imm™ ,„ k.. 

over others, e.g. i, is at^5 e ™™ » na™ n un preference for certain nM1M , 
not .a a tot in ^ plaque , a^ffi^SSS « «*« 
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Mechanism, of Adherence to Cell or Tissue Surfaces 
The mechanisms for adherence my involve wo steps . 

ftamSs^.ef^!r Sftb ° f *' •» *» — Wb surface 

SSSSraaK 1 * Pe "'" ,,,e " t attaCl " na « of * * me surface 

£KSBS3^ » — . I. in some case, 

1. hydrophobic interactions 

2. electrostatic attractions 

3. atomic and molecular vibration's r^iit;,,,, * 

U0DS r6SUltinfi fr ° m fluctua ««g dipole, of similar frequencies 

4. Brownian movement 

specific adherence involves oerman ft nf fi™™,- 

commentary molecules o a 5J^ - STS^£SS^ l ° c ^key bonds between 

torn the two cells, Once the bonds are fS S^? f T T*. *» ™* of contact 
becomes virtuaUy irreversible. attachme nt under physiological conditions 
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* adaptor 




tectorial cflii 



--rvnpm-" so tjtat (he bacterium »d^» feLti? * OWUM ''odlutfn" utta^^ * n £ thc 

1. The bacterid will bind isolated receptors or receptor analogs, 

I Toe isolated adhesins or adhesin analogs will bind to the erotic ce« surface 

3. Adhesion (of fce bacterid to the eucaryotic eel, surface) is inhibited by: 

a. isolated adhesin or receptor molecules 

b. adhesin or receptor analogs 

c ^ymes and chemicals that specifically des*oy adhesins or receptors 
4 antibodies specific to surface components (i.e. adhesins or receptors) 

Some Specific Bacterial Adhesins and their Receptors 

The adhesins of E. aoU are their common oili or fimw aa * • , 

^ etic . d ' v ^i«y permits^ ^S^t^Su?^ ° f * e ^Sme or 
exploit new opportunities preseJ £, d b diffenES P ™ ,ts ^ environment and 
«* «ave probably evolved from ^att M 

Type-I fimbriae enable £, to bind tn n 

antoiae TO said to be • Wo Se - M wi ° n enca< ? otic 0611 ««*»*• jv pe -j 

min^ . wp U P S ° r ^sorted along the ten**!* nf *k*V ^v^w-s m 8 minor protein (28- 

StJSL P oa Py filone Phri»^associa£d ( t0 dlff f re W receptors. For 
mJSSS&J!^ ' P WOt ™ 3 0n S-fimbriae ?ecoSe SSiSaSTr* ? act05e -^W 

2^ X **■ ° 0nmifl * P r0te ^ s « With a 

methylphenylalanine pili" ^e"^ These -ff 

virulence determinants m pathogenesis of 
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epithelium. 



top 






Gvam s tam Of Neisseria goZirhoeae ^^^^t~^i^- ' i ^^^B M^^M 

(diplococci) f„ ^oc^o^^^ «« M pair* of cocci 

eventually lead to an lotonsc inflammatory mponse. CDC. e 8nd P r6dw ce endotoxins which 

1™™!^ ? ^P^*"*** *WIW are controversial In J 972 fiihw * a „ 
dej,onateated that attachment of streptococci to Ae^tSZiSI!^?^? * n4 > S 
OK* and Beachey argued that lipoteichoic add^TA^ 32?*? " depetl4ent on M P^in. 
streptococcal adherence to buccal I epithelial cells I. ^ l QOfi tt! ?^ ^ pr0,Bm ' W8s r6s P°n«We for 
model of attachment chat involved ^M^^^&.T ™ m&y P ro P QSed a ^o-step 
loose y tethers streptococci to epithet S and SL S w • ^ %ey SH8gest ^ LTA 

WfiBfi! Produces multiple adhesins with vuitd^^^ ftoronectm, Apparently, A 
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Klectroij micrograph of Streptococcus 
I h.u. with permission, Tb a 1 
cc I surface fjhrils, that 
roles m virufonce: it is juv 
pathogen. 
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Staphylococcus aureus also KtnHo *k 

binding m which o^^il^ST^T^ » «W of a fiteoneotta- 




Treponema pallknm, ~ihe spivooi^ tM co 



causes syphilid Silver stftf n< CPC. 



TABU 2. EXAMPLES OP SPECIFIC ATTACHMENTS OF BACTERIA Tf> 

HOST CELL OR TISSUE SURFAOBS BAC1 ™A TO 



Bacterium 



Streptococci 
pyogenes 



[Acjhesm 



Streptococcus 

mmans 



Streptococcus 
mlivarius 



Streptococcus 
pneumoniae 



Protein P 



Receptor 



Glycosyl transferase 



-ipoteichoic acid 



Cell-bound protein 



Staphylococcus 



Cellr-bound protein 



Neisseria fW* IV pili (N* 
gonorrhoeae pethylphenyl- 

alanine pilj) 



Amino terminus 
of fifrronectin 



Salivary 
glycoprotein 



Unknown 



Phaiyogeal 

epithelium 



PeJlicJe of tooth 



N- 

scetylhexosamine- 
galactose 

disaccharide 

Amjno Ceiminus 
of fibronectin 



-Buccal 

epithelium of 
tongue 



^Enterotoxigenic 
colj 




Type-I fimbriae 



Uropathogenic 



Glucosamine- 
galactose 

carbohydrate 



Mucosal 
epithelium 



Mucosal 
epithelium 



Species-specific 
carbohydratefs) 



j 



Ure^raJ/cervjcal 
epi«um 



Intestinal 
epithelium 



Complex 



Urethral 
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\\e, colj 


,. IjType J fimbriae l^^^tr 


eni thelinm lit t„-*i.^. _ 


uropathogenic 
\E, coli 


P-piIi (pap) 


Olobobiose J.jniced 
„ to ceramide lipid 


Upper urinaty 
. fract 


PyelonppiiritiSj 


II * WPf&Wff 


J'lmbriae 

("filamentous 

hemagglutinin' 1 ') 


Galactose on 

sqjtated 

glycolipids 


epithelium 


WftQopmg 
cough 


r — 

W&rfo cholerae 


N- 

niethylphenylalanine 
pili 


lit, — — — ~-j 

rucose and 

maimose 

carbohydrate 


Intestinal 
epithelium 


Cholera 


ureponema 


Peptide in outer 
membrane 


Surface protein 
(fibronectin) 


Mucosal 
epithelium 


Syphilis ] 


Mycoplasma 


Membrane protein 


Sialic aciH 


Respiratory 
apitueUum 


Pneumonia 


1 Chlamydia i 


Unknown j 


III 

Sialic acid h 


Conjunctival or 
irethral ( 

£i$elium c 


Conjunctivitis 
>r urethritis 



INVASION 



***** «lar 

Medical microbiologists refer teffiffiSS rK?^ defenses * die ^ 
that act locally to damage host cells anaVor S ZSX ^ ^ 916 P rotpins 

^^^^^ 

remote sites (removed from the site of baS ^ ™ y ** * 

and more potent in their activity than invasins EvTn <n °* 03 typ . ,caUy mpre 5 P eci « c 
Wfm. anthrax toxin) may p i ay m^S^^^^^.^?^ (e,g ' *P hthewa 
infection, and some invasins ^g^^S^aSSS "Y* earty W» 

effect. 1 g staphylococcal leukocidin) have a relatively specifio cytopathic 

A Survey of Bacterial Xnvasins 
Spreading Factors 

"Spreading Factors" is a descriptive term for a famiiv „f u * • , 

o, ^ j S JSE5L 

%alurpnidase, js the original spreading fact™- Tr j 

Neuraminidase is produced by intestinal pathogens such M maw i 

ui P4inogeo3 such as chofewe and J^rffe 
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m * d -* -* - ««« o, *. 

Streptokinase and staphylomas? are produced bv «hw**w> - , 

Kinase e W me S convert inactive pI«LSSsS^J^ staphylococci, respectively, 
of the Wood. The relative absence of fiSi^nl P i - ? Whl ? h dl£ms fib ™ prevents cbttine 
of the infection bacteria. " ,n Spreadlng allows more rapid wSn 

Enzymes that Cause Hemolysis and/or Loucolysis 

wtfnn They may aci aa WhSS SSS*2?2dSfc '?** ^ bms fte 
sometaws called hemolysins. Leukocidins f , rf lyse red M 001 ! ce "s they are 

by streptoaocpj specifically w phagocytes' SdS^S hl ST a ? Md P™h«i 
considered to be bacterial exoX" p " BUto! ' Tbese latter wo «sws are also 




choline) in 



SShESSj!" 0 PB " tad b " destroy lecithin (phosphaddyl 

Hemolysins, nofably produced by staphylococci r. * ^ <, _ 
destroy red blood cells and other cells (i.e., pL/oc^) b y ? ,tWS 




Note the 
due to pr«(3 



Staphylococcal cpagrUase 

SS'i^ by ^P^occus aureus, is a cell-assoria^ -v, 
S*2L* te ^ n 10 fibl1n which c ^es closing OaStaStS.f?? • ^f Slble ™ W * a£ 
w«h pa***, 51 « and almost never .^£^122^?^ t^"^ 

HU no Wuoge.mc 1 epidermidis, which ha 
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role m invasion or pathogenesis. These eoSS dSuSSh m t^P 9hown t0 ^ ve • 
nutrmon or metabolism but may aid in ^ JSSS^flfc^ related 10 



Wns With Short-Range Effects Related to Invasion 



Bacterial protein toxiiis which have adenylate cvclase arrive o *u , 

on host cells that promote bacterial ZZTollZ^l J "ft*"*** «° have immediate effects 

Factor) is an adenylate cydaseZfacts on neaAv X??' ° f toxin W or 

and disruption of cell penneaS One of dJ^SM^ ^ff ; mpreased Ie veJs of cyclic AlSflP 
<*ugh, has a similar ASSESS may conmta * J 16 aeent of 

macrophages or lymphocytes in the > vlcinS whS V * Sl ° n thrm,gb * eir e ^ ec » s on 
infection. For example, since iey use A?P a! a SSft?* 80 "T? 1 r ° ,e t0 conte * * e 
energy needed for ingestion. EdemaTs Veen L a ' f y ^ ? e P lele wmw of 

cells disrupts eqmhWum. * " ' PatMogy hecm * the » °AMP in affected 




Gelfltinpus edema seen in a cutaneous mhrax lesion. CDC 



The following table summarizes the activities nf m™» • i 
contribution to bacterial invasion of tissues. 

« «iony pactenat proteins that are noted for their 



TABLE 3. SOME EXTRACELLULAR Ha m?i>r a t nn ^„. 

R0THNS that are 



Invajsin 



HyaluronicJase 



Bacteria Involved 



Streptococci, 
staphylococci and 



Activ ity 



Degrades hyaluronic of connective tissue 



ir 
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gQtewse llCIostridiun, SDecie<! , 



Neuraminidase 

'( 1 j 




Vibrio cholera? and 
Shigella dyse nteric 

Staphylp 



Degrades neuraminic acid of toting 



coccus 



Staphylococci and 
streptococci 



mucosa 



Staphylococcus aureus 



Streptolysin Streptococcus pyogenes 



Hemoiy^ 



which causescj^ag 1 



Streptococci, 
staphylococci and 
Clostridia 



Converts plasminogen to jasmin which d igests flbriiT), 



Lecjtftmasss ^Clostridium mrfrir, ^ 



aw -*£ 

and causes discharge of Ivsnsnm^i 



or* a n 1 1 1 a o 



Phosph 
cells (and 



ft? w ** destroy red Wood 

n/l other cells) by lysis 



Anthrax EF Bacillus amhracis 



Pertussis AC 



Destroy lecithin in call m^ n ^ r 



Dg£gQQl^ph^ids in cellmemhr^^ 



Bordetella pertussis 



causes inc W d levels of intiaceUnl,/^^ AMP 



locally p radMC4 ng an increase in ^cellular cyclic 




1 U""»», ^ 



Return to lodjrlpjjline Jkttbc^Jc^, 8 ctericiegy 



S^l -1111 *** » *-* of Wisconsin 




Madison Dopartan^tofB^cterfqlogy All rights 
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